The modulation efficiency, at high frequency microwave modulation, of a LiNbO 3 waveguide electro-optic modulator is shown to be degraded severely especially when it is used as a frequency translator in a Brillouin distributed fibre sensing system. We derive an analytical expression for this attenuation regarding the phase velocity mismatch and the impedance mismatch during the modulation process. Theoretical results are confirmed by experimental results based on a 15Gb/s LiNbO 3 optical intensity modulator. OCIS codes: 060. 2310, 060.2370, 060.4080, 110.4100, 190.2640 Mach-Zehnder interferometer electro-optic intensity modulators (EOMs) based on a dc voltage bias are attracting significant attention owing to their unique optical properties. A number of research groups have studied their frequency transfer characteristics, aiming especially to fabricate multiple wavelength sources [1] [2] [3] . Recently, many research groups have studied their application in distributed Brillouin fibre sensing systems, such as BOTDA and BOTDR, to convert a CW laser beam into a pulsed laser beam with the translated frequency of Brillouin shift frequency [4] [5] [6] . The attenuation of modulation efficiency was observed when the modulation frequency is at high microwave frequency in a BOTDA system, which limits its further application in the Brillouin fibre sensing system [5, 6] .In this work, the modulation index
attenuation with respect to phase velocity mismatch and the impedance mismatch is theoretically analyzed. In addition, experiment was conducted to verify theoretical results, and modulation index from theoretical calculation and experimental results are compared.
Assuming the input optical wave of a travelling-wave EOM is Degradation of the modulation efficiency at high-frequency modulation is always found in applications of a travelling-wave EOM .The amount of modulation degradation achieved will be dependent on the modulation frequency [7] [8] [9] [10] [11] . Two key factors determine the modulation efficiency: (1) phase-velocity mismatch between the optical wave and the microwave, (2) impedance mismatch between the microwave source and the modulator.
Generally, the phase of the optical wave at the output end of an electro-optic crystal depends on the instantaneous electric voltage applied on the electro-optic crystal. However, when the applied frequency is high, the applied high frequency voltage will change significantly during the time the optic wave goes through the electro-optic crystal, so total phase changes during the transmission through the electro-optic crystal will be very small. The travelling microwave voltage throughout the electrode caused by the applied microwave modulation signal can be The setup for the experiment is shown in Fig.2 (a) . Light from a DFB laser is coupled into an EOM (15Gb/s push-pull LiNbO 3 Optical Intensity Modulator) onto which a 40GHz tunable sinusoidal RF microwave source signal and dc bias voltage signal are applied. The output of the interferometer was measured using an optical spectrum analyzer (OSA) with 0.01nm resolution (AQ8384), resulting in the spectrum illustrated in Fig.2 (b) . were applied on the EOM separately. The expected modulation index, C m , without any attenuation should be 1.708 and 0.9032 respectively, which are also shown in the figure. The lower curve at 20dBm is calculated from P ω0+ωm and P ω0+3ωm measured at 6.5V dc bias voltage.
There are three curves in the upper curve cluster, and they are in agreement with each other.
Star points are calculated from P ω0+2ωm and P ω0+4ωm measured at 1.8V dc bias voltage, crosses are from P ω0 and P ω0+2ωm at 1.8V, and solid circles come from P ω0+ωm and P ω0+3ωm at 6.5V. This proves the only and significant dependence of attenuation of modulation index on frequency. 
